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Introduction
One of the fundamental assumptions of behavioral ecologists is that individual animals vary in their behavior. There has been considerable recent interest in the extent and significance of individual differences in behavior (e.g., Bekoff 1977; Slater 1981; Houston and McNamara 1985; Clark and Ehlinger 1987; Lomnicki 1988; Gottlieb 1992; Magurran 1993) . However, these discussions often define individual differences as differences between classes of individuals (e.g., based on age, sex, or reproductive differences) rather than differences among the individuals that make up these groups. One notable exception to this pattern is the study' of signals used in individual recognition (reviews in Beer 1970; Beecher 1982; Halpin 1986 ). In addition, there has been some recent work on individual differences in other types of Printed in Canada I Imprime au Canada [Traduit par la Redaction] behavior (e.g., Bekoff 1977; Goss-Custard et al. 1982; Goddard and Beilharz 1985; Feaver et al. 1986; Huntingford and Giles 1987; Lyons et al. 1988; Ehlinger 1989; Kieffer and Colgan 1991; Desrochers 1992; Brodie 1993) . Most of these studies have focused on individual differences in a single type of behavior. We still have little understanding of individual differences in overall behavioral profiles (but see Feaver et al. 1986; Lyons et al. 1988) . Additionally, studies of individual differences have been hampered by small sample sizes. There is little information on the extent of variation among all individuals within a population (but see Svendsen 1974) .
A related question concerning individual differences is how they arise (e.g., see Scherrer and Wilkinson 1993) . Development is commonly viewed as a process wherein a simple, undifferentiated organism becomes more complex and differ-.~e ntiated over time (Mason 1979; Fentress 1983; Bateson 1991) . With regard to behavior, this implies that individual behavioral profiles might become more distinct with age. In theory there seem to be a number of different developmental trajectories that could lead to increasing individual distinctiveness (Fig. 1A) . Alternatively, it is conceivable that individuals might become less discriminable over time. Such an outcome is implied in discussions of developmental buffering, in which individuals begin development from very different starting points but all reach a similar endpoint (e.g., Caro and Bateson 1986) . Again, this could occur in a number of different ways (Fig. 1B) . In the present study we attempt to address the following questions using data on the timeallocation patterns of black-tailed prairie dogs (Cynomys ludovicianus): (i) To what extent do individuals differ from one another in their time-allocation profiles? and (ii) How do differences between individuals change over time (i.e., do they increase or decrease in ways similar to those depicted in Fig. I )? In contrast to most previous studies, in our analyses we look at differences among all individuals in the study population and we examine differences in overall behavioral profiles rather than just a single behavior.
.
Methods

Study animal
Black-tailed prairie dogs are relatively large diurnal nonhibernating colonial ground squirrels. The social unit of a colony is the coterie (King 1955) , which nonnally contains a single adult male, several adult females, and their offspring (Hoogland 1981 (Hoogland , 1994 . Females usually remain in the same coterie for life, while males typically disperse from their natal coterie as yearlings; thus, coteries contain matrilines of related females (Hoogland 1986 (Hoogland , 1994 . Pups (young of the year) at our study site are born in mid to late March and first emerge from their natal burrows in mid to late May (Loughry 1992; Hoogland 1994) .
Study site
The colony of prairie dogs was located in Wind Cave National Park, South Dakota. The history of every animal in the colony is well known and the behavior of the animals during the breeding season and through the first emergence of pups from their natal burrows is well documented (e.g., Hoogland 1994) .
Procedures
The general methods of the present study follow those of Hoogland (e.g., 1981 ; see also Loughry 1992 Loughry , 1993a Loughry , 1993b . All animals were livetrapped, ear-tagged for penn anent identification, and dye-marked for long-range identification. Pups were captured within days of their first emergence above ground and prior to the mixing of any litters (n = 105 pups from 34 litters).
To collect time-budget data, animals were observed continuously for 5 min. Data were recorded using a laptop computer in which each key designated a particular behavior. At the end of an observation period the computer provided the total time spent in each activity and the number of bouts of that behavior the animal perfonned. The behaviors recorded were as follows: % bipedal is the percentage of time in a sample spent with only the back legs on the ground and the head in an alert posture (i.e., not feeding, with the plane of the head no lower than parallel with the ground); % bipedal feed is the same as bipedal except the animal chews while scanning the environment; % quadrupedal is the same as bipedal except all four legs are in contact with the ground; % quadrupedal feed is the same as quadrupedal except the animal chews while scanning the environment; % feed is the percentage of time in a sample spent feeding while not scanning the environment (i.e., not vigilant, either bipedal or quadrupedal); % not vigilant is the percentage of time in a sample spent in nonfeeding activities that precluded scanning the environment (e.g., grooming, burrow maintenance); % burrow is the percentage of time in a sample spent underground in burrows; % social is the percentage of time in a sample spent in amicable, play, or agonisticsocialinteractions; jump -yippingis therate of vocalizing in which the animal moves from a quadrupedal to an extended bipedal stance and vocalizes at the height of the "jump" (see Smith et al. 1976 for a more complete description). Average bout lengths for each behavior were calculated by dividing the total time spent in each activity by the number of bouts of that activity (jump-yipping excluded; for further infonnation see Loughry 1993b) .
Data were obtained in two slightly different ways (see Loughry 1992 Loughry , 1993a Loughry , 1993b . (i) Prior to the first emergence of pups from their natal burrows, samples of adults and yearlings were obtained between 10:00 and 15:00 each day. All individuals in the colony (n = 112) were sampledover a period of 7-10 days. Three such samples were completed prior to the first emergence of pups from their natal burrows. A fourth was finished just as the first litters began to emerge in late May. During the period of pup emergence, only pups were sampled until each pup had been sampled once. This took about 14 days. This pups-only sample was combined with the one of adults and yearlings that was completed just as the first litters were emerging. To maintain consistency with earlier work, this combined sample is hereafter referred to as sample 4. (ii) Most of the data were collected after the final litter of pups had emerged and been marked.
The colony at this time contained 210 animals. We divided the colony into six groups of 35 animals each and randomly assigned each group to a particular day of observation. Thus, all animals in the colony were sampled over a 6-day period. Two groups each week were observed from 06:00 to 11:00, two from 11:00 to 16:00, and two from 16:00 to 21:00. These times completely covered the daily activity period. This schedule was then rotated the next week so that over a 3-week period each group was observed at each of the 3 times of day. This schedule of observations lasted 10 weeks (from 14 June through 20 August). Thus, pups were observed a maximum of II times (samples 4-14 ). Some pups died, disappeared, or could not be found in a given week, thus some pups were sampled less than II times. We only included in the analyses those individuals who had been observed in at least 7 samples. Using this criterion, 92 ofthe 105 pups were sampled often enough to be included in the analyses. Adults and yearlings were observed a maximum of 14 times (samples 1-14) and only those who were observed in at least 50% of these samples were included in the analyses (n = 111). When inclement weather precluded observing a group, the observations were made on the intervening day before the start of the next week's round of observations.
Data analysis
We used discriminant analysis (Manly 1987) to analyze behavioral differences among individuals in our data. Discriminant analysis is a multivariate technique that takes the data from each group to be discriminated (in this case, each individual animal) and generates one or more discriminant functions. Most importantly for our purposes, once the discriminant functions have been generated, the data are reclassified according to the group to which they most likely belong (based on that group's location in discriminant function space). This "percent correct classification" is a measure of the discriminability of the groups. If groups are completely different from one another and do not overlap at all in discriminant function space, then the correct classification score should be 100%. An ideal analysis of individual differences in our data would be a single discriminant analysis using data from all individuals (for an alternative approach, see Scherrer and Wilkinson 1993) . This is not possible because no statistical package now available can accommodate the large number of groups to be discriminated in our data set. As an alternative, we employed a Monte Carlo procedure to determine individual discriminability. Beginning with pups, data from 20 pups were randomly selected and these data were entered into a discriminant analysis (MINITAB version 8.0; 20 is the maximum number of groups allowed for a discriminant analysis in this program). This procedure was repeated 100 times (so that each pup was likely to have been sampled at least once) and the percent correct classification was recorded for each run. These values were then averaged to produce a mean discriminability.
Assuming completely random classification of individuals, the average percent correct classification would be 5%.
We evaluated changes in discriminability over time in two ways: (i) In a cross-sectional analysis, we compared the average discriminability scores of pups, yearlings, and adults using ANOYA. Average discriminabilities of yearlings and adults were obtained in the same way as for pups. (ii) For a longitudinal analysis, we compared the average discriminability of pups early in the summer (samples 4-8) versus late in the summer (samples 10-14). In these runs, we randomly selected 20 pups at a time and ran a discriminant analysis first using their data from early in the summer and then their data from later in the summer. This procedure was repeated 100 times and a paired t test was used to compare the average discriminablity between the two time periods.
Past work revealed considerable differences in the time budgets of older prairie dogs (e.g., fathers, nonfathers, mothers, nonmothers; these groups contained both yearlings and adults; see Loughry 1993a). These differences could potentially confound comparisons with pup discriminability scores. For example, older males and females differed substantially in most aspects of their time budgets (Loughry 1993a) . Thus, adult discriminability scores might be higher than those for pups (which showed no sex differences in behavior; Loughry 1992), because males and females are easily separated. However, within each sex, individual distinctiveness might be quite low. We attempted to avoid this problem by generating average discriminabilities for each sex and parental group of older prairie dogs. These values were then compared with those for pups using ANOYA. Since all fathers could be included in a single run (n = 20), for the ANOYA we used the average discriminability obtained for fathers in that run and repeated it 100 times. This could lead to problems in statistical comparisons of fathers with other groups. However, this does not appear to be the case, because the values for fathers fell between those of nonfathers and nonmothers and were statistically indistinguishable from either group (see below). Statistical comparisons of fathers with other groups seem validated by the fact that both nonfathers and nonmothers showed the same patterns of differences in the same comparisons (see below).
We asked two other questions concerning pup discriminability. First, we evaluated the possibility that individual differences between pups could be confounded with litter differences by comparing average discriminability when individuals were the unit of analysis versus when litters were the unit of analysis. If litter rather than individual differences were more important in generating discrimination, then we expected average discriminability to be higher when litters were the unit of analysis. Second, we examined the utility of time-budget data in assessing individual differences by comparing the average discriminability generated using time-budget data versus the average discriminabilty generated using individual bout lengths of each behavior (cf. Loughry 1993b). Bout lengths might seem a better choice, because animals can exhibit the same time-allocation pattern but accomplish it in different ways (e.g., two animals could spend the same amount of time vigilant, but one could accomplish this by performing a large number of short-duration scans, while the other could perform just a few scans of long duration; see Loughry 1993b ). This analysis posed a significant problem because of missing values. In time-budget analyses, if an individual failed to perform some behavior, it received a value of zero for that behavior. However, this was not possible for bout lengths, because values of zero generated artificially shortened bouts. Thus, considerably more missing values were present in the data. To get around this problem and provide enough data for the analyses, missing values were replaced with the overall pup mean for each behavior. This presumably decreases the potential for discrimination among individuals. This is a problem if no difference is found between discriminability values using bout lengths versus time budgets, because one does not know the real impact of bout lengths on discriminability. However, if discriminability using bout lengths is still higher than that generated using time-budget data, this indicates that "real" bout-length data would be even better at discriminating among pups. Finally, if discriminability values using bout-length data are lower than those using time budgets, this suggests that bout-length data would probably not increase discriminability appreciably.
The MINITAB discriminant analysis program does not provide information about the loadings of variables on the discriminant functions as part of its output. To gain some idea about the relative importance of our variables in promoting discriminability, we performed a factor analysis of the data for each age, sex, and parental group of prairie dogs (with varimax orthogonal transformation) using the STATVIEW SE + GRAPHICSstatistical package. Five factors were generated in each analysis (Table I ) and the loadings were relatively' similar across different groups of prairie dogs. The five factors each explained similar amounts of the total variation ( Table I ), suggesting that no single factor was most important in discriminating among individuals.
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Results
There was some evidence that pups were individually distinct. Average disc rim inability of pups over the entire course of the study was over three times higher than that expected by chance (Table 2) . However, pups did not become TABLE2. Discriminabi1ity scores for each age, sex, and parental group of prairie dogs NOTE: Scores are based on 100 discrminant analyses using 20 individuals per run. n, number of individuals available for selection for each run. more discriminable as they aged. Comparisons of pup discriminability early in the study versus late in the study showed that pups actually became less discriminable as they aged (early: x=27.29 ::'::: 3.46; late: x=24.47 ::'::: 3.65; paired t test: t = 5.77, df = 99, p = 0.0001; average discriminability values are higher here than when using the entire data set, because fewer observations per individual must be classified). This decrease in discriminability continued into the next age-class, but not beyond. Discriminablity of yearlings was significantly lower than that for pups but adults were more individually distinct than were pups (Table 2; ANaVA: F = 118.62, p =0.0001, df = 2,297). Comparisons within sex and parental status groups indicated that older prairie dogs were about equally discriminable with the exception of mothers, who were the least discriminable group examined (Table 2 ; ANaVA: F = 598. 47,p = 0.0001, df = 3,396) . Comparisons between pups, yearlings, and all adult groups in a single ANaVA revealed that discriminability declined significantly from pups to yearlings, became even lower for mothers, but was significantly higher than any previous value for the other sex and parental groups (F = 343.64, p = 0.0001, df = 5,594; see Table 3 , Fig. 2 ).
Pup discriminability did not appear to be based on membership in a particular litter. Discrimination based on litters rather than individuals resulted in significantly lower average discriminability values (litters: x = 11.25 ::'::: 0.84; t test: t = 22.05, p = 0.0001, df = 198).
The time-budget measures used in the above analyses were better at discriminating among individuals than were bout lengths. Average discriminability of pups using bout lengths was significantly lower than when using time-budget values (bout length:x=13.21 ::'::: 1.92;t test: t = 10.87, p = 0.0001, df = 198). In fact, discrimination using bout lengths was significantly lower than that obtained in any run using time-budget data (i.e., compared with values for mothers, TABLE 1. Results of factor analyses of data from each age, sex, and parental group of prairie dogs; variables are listed under the factor on which they had the highest loading (after varimax orthogonal transfonnation) and in order of decreasing weighting on that factor; the proportion of the total variation explained by each factor is also shown t =17.29,P = 0.0001, df= 198). As stated above, our analyses using bout lengths are preliminary, but the results indicate that using these data instead of time budgets would not improve discriminability.
Discussion
Anyone who has watched prairie dogs for some length of time has the intuitive impression of individual "personalities" among the animals. Our data provide some support for this impression, because individual prairie dogs were discriminable from one another. However, discriminability was relatively low, suggesting that behavioral profiles may result from an interaction between "individuality" and some other set of factors.
Individual differences in behavior have been documented in other ground squirrels (e.g., Svendsen 1974; Barash 1976 Barash , 1989 Armitage 1982 Armitage , 1986a Armitage , 1986b Frase and Armitage 1984; Ritchie 1988 Ritchie , 1991 Perrin et al. 1993 ) but the development of such differences has not been well studied. Our analyses suggest that individual black-tailed prairie dogs first emerge from their burrows with relatively distinct time-budget patterns.
During their first summer, the behavioral profiles of pups converge, and they become less discriminable.
This continues into the following year. Increases in discriminability do not emerge until adulthood, possibly owing to the acquisition of sex-specific behavioral repertoires. However, not all older animals become more distinct. Mothers showed less distinctiveness in their time budgets than any other group of prairie dogs. These results provide insight into the ontogenetic trajectory of individual differences in prairie dog time budgets, and also point toward social role (e.g., father, mother, yearling, pup) as one potential factor constraining the expression of individuality.
For pups, our results suggest that intrinsic differences existing between individuals when they first emerge from natal burrows are lessened during the course of the summer. Indeed, the discriminability scores for pups (and all other groups) were relatively low, indicating that much of the variation in time budgets was not due to individual differences but to some other set of factors. Past work has shown substantial contextual influences on pup time budgets (Loughry 1992) . These influences included both social conditions within the pup's coterie (e.g., the number of adults present), as well as environmental influences (e.g., weather conditions, the distance of a pup from the nearest burrow, etc.). Our results suggest that pups adapt similarly to these contextual constraints, leading to reduced discriminability in their time budgets.
Convergence in time-budget profiles appeared to continue into the next year, since yearlings showed even lower discriminabilty scores than did pups. Why yearlings should be more constrained by contextual influences than pups is obscure. However, for both male and female yearlings, acquisition of energy to convert into increased body mass is important for future reproduction (Fiorello 19911; Hoogland 1994) . This may mean that all yearlings must devote most of their time to feeding at the expense of other activities. Time-budget studies suggest yearlings do in fact spend much of their time feeding (Loughry 1993a) , so this could produce the low discriminability scores exhibited by this age group.
Discriminability appeared to increase with the acquisition of sex-specific reproductive roles in older prairie dogs. Past analyses showed that time budgets for males were significantly different from those for females, and those of fathers were different from those of nonfathers (Loughry 1993a) . The present results show that while there are these general differences between sex and parental groups, individuals within these groups are also significantly different from one another. Such differences may arise because over long periods of time individuals begin to adapt to their environment in idiosyncratic ways. A similar process may occur in the development of different "styles" of snake harassment by California ground squirrels (Spermophilus beecheyi; Ic.V. Fiorello. 1991 (Altmann 1980; Stevenson-Hinde 1983) . The above arguments may apply to fathers, nonfathers, and nonmothers but mothers were clearly different from these other groups. Mothers were the least discriminable group tested and the reason may lie in the constraints of motherhood. Reproduction is energetically costly for females (Hoogland 1994) and during lactation mothers spend most of their time feeding (more so than any other sex and parental group, see Loughry 1993a; for other ground squirrels, see Michener 1989; Michener and Locklear 1990; MacWhirter 1991; Bachman 1993 ). Consequently, mothers may be forced by the demands of reproduction to adopt similar time-budget patterns. A test of this hypothesis would involve determining the discriminability of mothers outside the breeding season, perhaps in the late fall or early spring. Assuming reproduction does not constrain mothers' behavior year round, one would predict that at this time, discriminability of mothers would be similar to that of the other sex and parental groups. We currently do not have data to test this prediction.
Given the seeming importance of context in determining the pattern of time allocation for an individual prairie dog, our results provide little support for the notion that time budgets are a manifestation of something intrinsic to the animal (cf. Fragaszy 1990) . Even when using measures that might intuitively be thought of as more idiosyncratic (i.e., bout lengths), discriminability was still low. Others have shown considerable consistency in some aspects of ground squirrel behavior (e.g., foraging) and have argued that these behaviors may be highly heritable (Ritchie 1988 (Ritchie , 1991 . Our results suggest that this is not possible for prairie dog time budgets. Rather, they appear to be largely constrained by the environmental, social, and reproductive context in which an individual finds itself.
